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KNVtHONMENTAL EARTH SCIENCE 



Environment a; Earth Science" is a new course developed at The University 
of Texas at Austin by bhe Department of Geological Sciences and the- Science , 
Education Center. • It is offered .at The University of Texas at Austin as 
Geology 36IK "and has been tried out during the spring semesters of 1972, 1973, 
197'+, and 1975. Revisions -have been made as necessary after each tryout. The 
project within which the covirs'e has been developed has been supported by the 
National Science Foundation. 

The course incluiies lectures, discussion sessions, and individualizeci 
Learning Carrfel Lessons, Extensive use has been made of multi-media technology 
in the presentation of the course. Learning Carrels for individualized instruct- 
tion have been\ especieUly designed for this program. The lectures introduce 
specific topics, suggest problems or questions, and -iJrovide background infor- 
mation. The discussion sessions p!rovide tne student an opportunity to ask • 
questions arid cleo^if^ ideas The discussion sessions also provide input and 
feedback to the instructor. 

■ . \ • . 

The Learning Carrel Lessons have been written by mculty "and graduate stu- 
dents in the geological sciences and in science educatiofi. Writers and resource 
contributors include Dr. Robert Beyer, Dr. Rolland Bartholomew, Dr. Keith Yovmg, 
Dr. Samuel Ellison, Dr. James Underwood, Dr. David Butts, Dr. Addison fiT. Lee, 
David Keller, Melanie Lewis, Wayne Schade, Ann Lee, and William McLoda. Tech- 
nicians involved in production of Scripts, sound, and photography were Stan 
Prescott, Lee West, Charles Geffen, and William McLoda. Artists were Jesus 
Rivasn^ Alice Canestaro, Aly Knox, And Javier Fl6res. 

Each Learning Carrel Lesson consists of a set of^2 x 2 slides, an audio 
^cassette tape, a study guide, a script, and other materials necessary to the 
Lesson. Ithe atuify guide and script are in this booklet. Students may set their 
^wn time schedule within an announced period when slides and tapes are made 
available. 

The student should note the list of Leeu:*ning^C€u:rel Lesson tojJics to place 
in proper content the lesson in this booklet, and then read carefully* the in- 
troduc^ifJh, rat'ioneile, prerequisites, and lesson objectives in the study guide. 
The student should follow the instructions in the study giiide for the entire 
lesson. In some instancea, these instructions are also^ repeated on the audio 
cassette tape. The Slides and tapes hive been synchronized to automatically 
' adviance the slides appropriate to the audiotape. However, there is a t!one 
signal given before the change of each slide |lo that the lesson can be used » 
outside of the carrel if automatic facilities are not available. When the 
student is re>tdy to start the lesgon^ the "on" switch should be pushed. If ' 
the slides and ^tw« fi^^e operated m^iuidly^ both will rjeed to be turned "on." 
The first allude is always a title slide or a blank solid colored slide. If 



tho Blldea an d tape are mt(nua.Uy operateq, thts title or Matik ,.^1 je,3ho^^^^^ 

be on view before th« 4,ape is started. For automatic operation, the slides 
and tupea will be se^t up by the Instructor or Procljor beforevthe lesson and 
between -enoh use. It is moat important to start each lesson according to 
theae Instructions in order to provide synchronization of the slides and tape. 
Hemember that .alldeii placed in the tray to be used with a rear view screen 
are reversed from those to be used with a front view screen. 

The student will be instructed by the study guide, and/or the tape to 
Hlop at varlouhi places to carry out certain activi'ties. Usually the audio- 
ti\pe will aay, "Please stop the tape -now an^ restart only when you have 
finished this exercise." Theref(2,re, the "student should wait a few seconds ^ 
to rinlHh heai-ing the instruction after the word "Stop," However, one should 
not wait long enough for the tone signal or automatic change to the next slide. 
This signal should be ^e^d after you restart the tape. • If the lesson is 
moving too r^idly, the student may stop the tape and slides at any time to 
consult the study guide or script, but it is NOT POSSIBLE to back up and 
re-examine a given slide without completing the entire cycle of the lesson. 

it is particularly important for the student to carry out the ins'tructions 
for activities given in the study guide. In orden that a record may be main- 
tained of theae 'activities , each student should pick up a copy of the STUDENT 
RESPONSE SHEET wljich include questions to be answered and the other activities- 
requiring responses. These should be completed and turned in to the instructor 
as required for grading, feedback for the inst.ructor, and to provide a basis 
for student interaatlon in the discussion group. 

, Each Learning Carrel Lesson is independent within the context of the course. 
Some of them provfde direct information on a^given topic, but in an individualized 
mode requiring some activities and thought on the part of the student. Others 
place the student in 8C role-playing situation where same position must be taken 
on provocative questions or issues. : Others deal primarily with applications of 
environmental information. In all the lessons, the student is expected to receive 
basic information that is coordinated with^the lebture's , the small group dis- 
cussions, and the readings. 
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•ro THE r>TUDENT: 



This booklet contains" two sections: (l) the Student Study Guide 
for this Ifeason, and (2) the Script or printed copy of the discussion recorded 
-on the audio cassette tape. - ' . 

> 

You are expected to begin with the printed instructions in the 
Study Guide and follow them continuously as you study the lesson . In m€iny 
instances the same or similar instructions may also be heard orf the audio 
cassette tape; Refer to the script only if you need to refresh your memory 
as to something that was said. -The script is provided because you cannot 
back the tape if you \iieed to review something already said on the tape. 

Specific instruG^ons will be given" in the Study Guide as to 
when to start and stop thfi^ape. Do not restart the tape until instructed 
to do so in , the Study Guide. 

Questions requiring written answers should be completed oh the 
STUDENT RESPONSE SWEETS provided by the Instructor. 



This lesson is in two parts and is somewhat long, 
to do Parts I and 51 at separate times". 



You may choose 



■V 



instrui:tions : 

1- ^ead thi Introduction. Rationale and Ob.lectives for this lesson 
that follows . If you have questions, check with the Instructot- or i?roctor.- 



INTRODUCTION: ' ' • • 

■t . ■■' 

Return fbr a moSnent to your awn . elementary school days an<J recall 
« qnce p^ular riddle, "Where was Noah when the lights went out?". ' Of course,\ 
the -emswer was, "He was in the dark." Exchange places with Noah for a moment 
and imagine your predicame^nt if every one of the lights in our country, 
suddenly flickered aihd died. Nowhere would you be able to find ?i>bulb'or 
breaker to correct the damage created by a sudden 'shortage of elecSil'ica.l 
energy.. Even as the tejfiperature of your own previously air-condiiioned 
environment began to rise, you would find nearly every "household appliance 
you own ujteless. Xou would find it impossible to transmit or receive communi-ca- 
tion, avail yourself of commercial services,^ or transact yoxir eVej^-day affairs. 
Your ease of travel would be limit^ed to the extent of the fu^l presehtly 
in your car. The list of complications qreated by .a shoiiittge of energy is 
endless and unfortunately closer to realization than is coWohly thought. _ 
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Kach year our energy industries fall further behind in th^ir ^abilij^ to 
tiupply power on dwand to a nation rapidly depleting its natural energy 
resources.' Without even Rnoving it, we have already^ stepped into "A Crisis 
^In Energy." This lesson invQiS^gates the nature and extent of our national 
energy situation* ' - 

Part I of this ],esson explores facts and' opinions currently under 
discussion among experts engaged ip redirecting our national energy policies. 
Following ,the format of a TV program, it is a real interview with real experts 
In the energy field who have presented their Wi.ews specifically for this ' 
lesson. The experts were Dr. Wilson Laird, Director of the American Peitroleum" 
Institute, Washington, D.C. i ' Dr. Samuel Ellison, Professor of Geological- 
Sciences and \)ean of the College of Natural Sciences (currently" Alexander 
Deusaen Professor in Energy Resources) at -The University^'of Texas fft-Aust in ; 
and Dr.--41erbert Woodson, Chairman, Department ,of EO^Ctrical Engineering at 
The UniverHty of Texas at Austin. . These expert^^discuss significant trends' 
in the production and consumption of our principle energy respurces. ) . 

p/rt' II of thi^s lesson provides you with basic information concerning 
our energy resources • Much of it is in the form of graphs for yo^ to read and. 
interpret. In other instances, specific nlunbers or other data are given and 
you vl klybe askeA to translate these data, into various forms oi* graphs • The 
purpose of these exercises is to reinforce your knowledge of the subject and 
emphasize the importance of various meAns of communication tb learning, 

\ ■.. ^ : ■ . ; 

IIATIONALE : 



1 



It 

Self--evident as it may seem, in most situations we can help 
individuals ada^t better if we Simply provide them wi*th advance information 
bout what lies aheac^" (Alvin Toffler in ' Future. Shock ) 




OBJECIMVES OF l»HIi3 LESSON: ' 

" ~ ~ The objectives Q^^^ ieason are listed below* As you proceed 

throuijh the program, place a checkmark in the columi\(s) which indicates, in 

what part of the lesson each objective was discussed- (USJE STUDENT RESPONSE 
SHEETS) ' , 

Upon completion of all the exercises associated- with this lesson 
"^ou should be able to: ' ' . ' 



Fart I 


Part ir 


Objectives 






1- fltftt^ lenflCth of tinw* undl Hoov^^ri^d £ta.s and 
oil will last in the United Statles 


- 


— . ■ ■■.fc — . 


2. state the lead time iri discovering oil 


. ▼ 


% 


3» state 2 dif ficult;t^s involved in importing 
hydrocarbons 






'h. state % methods of mininit coal 


• 




5. explain the ^.fluctuatten in the utilization 

% Of coal from 19OO to 198O ^ 






6. state the vears in which hvdrocarbons and* 
, coal aa^e expected to reach peak production - 
in the Un;[.ted States . . ^ 






7. identify 2 fuels which can be used in \a 
nuclear electric installatiori 




■ -'^ ^ 


0. describe the process involved in converting 
Uranium-^238 into Plutoni\im-235 


i 


r 

t' 


■ -■ ■ ; ■ ■ 1 ■ M,. . - r. ,. ■■■■ ,. — 

9. define lead time as used in this lesson 




* 


10. state length of time known recoverable 

* reserves of gas and oil in the United States 
will last. ' 




m 


^ 11. State k reasojris for the current and expected 
continuance of th? energy crisis in the 
United States 


i 




12. evaluate ramifications of a decrease in 
available energy in the United States in 
terms of Uhe gross^^^tional product, 
unemployment « and per capita income 






. * . ■ ' 
13. 4dentiCy trends in energy consumption by 
. fuel type during the next 10 years ^ 



V 



During the next 1^ minutes you "will listen to^ the interview • 
that Is Part I of your lesson. An edited transcript of the interview is 
prepare4 for you at the back of this Study Guide if you care to refer to 
it for review. 



INSTRUCTIONS 



2. 



Start the audio cassette tape and slides ( for mimually 
operated slide carousels, be sure the slide on the screen i? the title 
slide or the blank colored slide in slot number one. Otherwise, the 
slides and tape will not be 8yn(;hronized) . Listen to the tape and view 
the slides until the ijnter^riew is completed at the end of Part I. then 
STOP THE TAPE ANiT SLIDES . * 

t 

Preview ygur lesson objectives and identify those Cbjectivea , 
that relate to specific concepts iYi the intei-view. Check the objectives 
on your STUDENT RESPONSE SHEET. 




INSTRUCTIONS : 



» • ...... 

3* ^ Restart the audio cassette tatje . Listen to the ^ape and 
view the slides until you are told to name a few trends that you think 
might inf licence our r.ate of petroleum production, thpn STOP THE TAPE 
AND SLIDES as instructed. List these- trends under Frame 1 of your 
STUDENT RESPONSE SHEET. 




List t rends, ^^J^^you think might have Influenced the rise in the rate 
of petroleum prottuction in. the United States. 
SHEET) ^ 



(USE STUDENT RESPONSE 




INSTRUCTIONS 



^- Restart the audio cassette tape. Listen to. the tape and- view 
the slides until you are tol^ to stop the tape. -Then STOP THE TAPE AND 
SLIDES.- You will need to eorntimie . viewing the slide with the graph 
."Cortplete Cy^^e of ' Natural Gas Pi-oduction in the United States and Adjacent 
Continental Shelves, Exclusive of Alaska," since the questions below will 
require reading this graph.' Answer the questions under Frame 2 on your 
STUDENT RESPONSE SHEET. 



V 



I Frame 2^ 

1 



•3. 



The proJectit)n for the production of natural gas between I966 and 
1980 ||8 how many cubic feet? 

s 

Wiat Is our total capacity for the production of Natural gas during 
the 160 years plotted on the graph? 

« 

Wliat is \a»ir, percent per year pj»duction of natural gas in terms of' 
our total potential production?* 

HoV many cubic /feet of natural gas is estimaffed to be produced 
between the yeaVs 198O and 2000? 

During Viis 16O year period, the alope of the bell curve becomes 
zero in what year? > ' 

■ ' /' ■ 



INSTRUCTIONS ; 



5. Restart yflie au^lo cassette tape . tAeten tt> the tape and 

bIsLpe. 



view 'th* slides until l^ou are told to stop the ttpe. Then STOP THE 
TAPE AND SLIDES. Stu<{r the grid entftled "Ultimate U.S. Coal Production^' 
and the data below it on the next page and from the data provided plot 
the curve on your STUDENT RESPONSE ^HEET. 
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1800 




2200 



2400 



2600 



'2800 



ATE U.S. COAL PRODUCTION 



YEAR 


^Bfi^LIONS OF SHORT TONS PER YEAR 


1800 


r 

.02 . 


1900 


— 


2000 


i.tiO 


2100 


2.20 


2200 


2.30 


2300 


2.00 


2U00 


1.10 


2500 


.60 


2600 




*2700 


_ • .05. 


2800 


'.02 




INSTRUCTIONS 



^' Restart the audio cassette tape . Listen to the and view 

the slides until told to stop the tape. Then STOP THE TAPE AND SLIDES and 
answer the questions under Frame 3 on your STUDENT RESPONSE SHEET. 



I Frame 3 ^ 



1. Who are the primary consumers of coal,. both past and present? 



I Frame 3 J (conbinued) • 



2. 



-Name 2 factors Vhl oh might have caused peaks arfd dips durj^ng the 
years i900 and 1970 cm t>he §raph above. / ^ ' • 



,3. Name h pollutants emitted in the burning of coa,!.' 




INSTRUCTIONS 



t 



T. Restart the audio cassette tape, tlaten to the tape 
and viev the slides until you are told to score your answers. Mark 
your score on the STUDENT RESPONSE SHEET. ► • 



^ INSTRUCTIONS: 



8- Restart the audiol cassette tape. Listen to-th« tape and view 
the slides until jtoxi Eire told to stop the t4pe. ' Then STOP THE TAPE AND SLIDES, 
arid study the graph" belqw and 'answer the' questions vinder Frame h on your 
STUDENT RESPONSE SHEET..- 



3000 



2000 
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4000 — 



ANNUAL ENERGY REQUIREMENTS 
FOR ELECTRIC GENERATION 




1955 



1960 



19M 1970, 197^ 1980 



I' 1^ nuclear fuels' vill contribute (?) billion kilowatt hours 

(ICWH) toward the total generation of electricity. " 

i^ • [n 1980 coal will contribute (a) (?) billion KWH toward the total 

generation of electricity or (b) (?) percent, of the 5 major contributors. 

3. Referring to the graph of "Ultimate U.S. Coal Production," you might conclude 
that 900 billion .KVm is equivalent to (?) short tons of coal (assuming all 
coal production' is used in the generation of electricity). ; 

In 1980, which of the 5 sources will contribute least to electric generation? 



INSTRUCTIONS : 

9' Restart the audio cassette tape . Listen to the tape and view'' the 
glides. until you are told to sCore ygur smswers. ^ Then STOP THE TAPE AND SLIDES 
and record your score on the STUDENT RESPONSE SHEET. 

Restart the, audio cassette tape . Listen to the tape and view 
the slides until told to stop the tape. Then STOP THE TAPE AND SLIDES. You 
will nee d to continue -viewing the graph "Projected Electric .Generation by - 
Sourqe - 1^6^-»2QQ0," in order. to fill in the blanks on the chart below. Fill 
these^ii on your STUDE;NT RESPONSE SHEET. 




^ Rest'^lli thh audio- cassette tape ^d listen to the tape and . . 
view the slides until you are given instructions to check your answers with ti^ose 
on the slide. Then STOP THE TAPE AND SLIDES and mark your scor6 on the STUDENT 
RESPONSE SHEET. 



Frame 



PROJECTED ELECTRIC GENERATION -BY SOURCE— 1965-2000 



SOURCE • 1965 i9S0 2000 

V 

IJJucl^r-fueled steam 
Coal-fueled steam 
Oil-^fueled steam 
GasT^fileled steam ' 
Other 

Pumped- St or age hydro 
Conventional hydro 



1965 


1980 


1. 

.2 


" .1 


,k 


.8 


.2 ~ 


' ill 


,1 


.2 


.1 


. .1- 


-.05 . 


> ".05- 


.2 . 


(?) 



INSTIIUCTIONS : . • - 

^eitart the, audio cassette tapa . Listen to the. tape and view 
the .slides until you, ^e instimeted to stop^ the tape. Then STOP .THE TAPE AND 
SLIDES and complete the following graph tts 'instructed. Your ^raph ahouia be 
made on th« STUDENT RESPONSE SHEET. , v - 



Ptrc«nt 

KX) 

'80 

70 
60 
50 
40 
30 
20 
10 

0 



1 r 



T r r— ^ 

NUCLEAR 



GAS 



Oil 



COM 



HYDRO 

-.j: L 



1920 ^ 1935 1955 1970 1990 

TOTAL U.S. ENERCrV CONSUMPTION, PENCCNT SY TYK Or FUCL. 



TYPE OF FUEL 


YEARS 

1920 1935 1955 1970 1990 


Nuclear 








1% 


25% 


Ga« ' 


5% 


10% 


25% 


35% 


20% 


Oil 


15% 


35% 


45% 


45% 


35% 


Coal 


.. 75%; 


50% 


- 25% 


14% 


15% 


Hydro 


5% 


5% 


5% 


^5% 


5% 




^INSTRUCTIONe-: 

13. ' Restart the audio casaette tape . Listen to the tape eund view 
the slide. ConHpare the graph on the slide with the one you have made. ,Jhen 
STOP THE TAPE A^fD SLIDES and 'answer the questions below on your STUDENT RESPONSE' 
SHEET. • 

1. Coal contributed (?) f \o the total U.S. energy consumption in 1920. ^ 



10 



* . • v» 

:\ In 1920,, hydro contflbutetl (?) % to the total U.H-.* energy' consumption. 

In 1990 It la proj-ected that hydro vlll contribute (jj % to, our total 

energy consumption. ' . > ^ ' 

5. In 1970 oil' contributed (?) % to the total U.S. energy consumption. 



INSTRUCTIONS: 



l-^*- . Hestart the audio cassette tape . Listen to the tape and 
view the si ide , ahowlnft answers to the 'questions. you have Just answered 
under Krpme 6. Then STdP THE TAPE AND SLIDES. Record your score on your 
STUDENT RESPONSE SHEET. • f 

— \ ' 
Restart the audio cassette tap& . ; Study /the , graph * in. the 
next slide, "United States Uranium Requirements' and Prbduction Capability," 
and follow the discussion on the tape. „ When toid to do so, STOP THE TAPE 
and answer the questions under Frame 7 pn your STUDENT RESPONSE SHEET. 
You will need to view the slide continuously to find answers to these 
questions ,. v 



6 




. 16 

0 



What i8 the projected cumulative product^Oft capability of uranium 
In 1980? 



In I9Q5 the antiual production/requirement will be (?) % greater 
"'than the annual productJ^^ capability. ' < . 

During the period between^ 19T0 and 1985 our cumulative production 
. capabl 1 Ity will have increased (?) % . »In this same period our 
cumulative requl^-ement will have increased (?) % , 

How do you think projected requirements »:^e determined? 

How|Vould the- Introduction of a ^breeder reactor in 1970 have 
afftcted thede projections for production capability? 



INSTRUCTIONS: 



' i^. Reatart the audio cassette tape . Listen to the tape and 
view the slide with answers to the first four questions under Frame T. 
Then STOP THE TAPE AlfD ISLTDES." Mark yoUY aC!d?e Oft ysur STUDENT RESPONSE 
SHEET.- ' 



I 

17.^ Restart the audio cassette -tape and follow instructions 
for tihe following graph entitled "Fuel .Required. " STOP THE TAPE AND 
SLIDES to complete^ this graph on your STUDENT RESPONSE SHEET. 



r 

.18 



m 



13 



r K ramc Q | 



Fuit mQumtD 



typeTof fuel 


TONS OF- COAL "PER YEAR 
1968 . 1980 ► . IQQO 


oil . . 


^ 




175 


Gas 


120 




180 


Nucl^kr 


20 


""260 


^00 


» 

Coal 


300 


1+30 


630 




INSTRUCTIONS : . 

. 0 

J. Restart t he audio caaaette tape . Listen to the tape ahiJ view 

the slicfes and compare it wnh the graph you have made. Then STOP THE TAPE 
AND SLIDES and answer the questions under Frame 9 on your STUDENT RESPONSE 
SHjEJtT • ^ 



/ 



111 



\ 



4.. « 



3. 



Vftlloh fuel typo lM projected' to have the highest^ rate of increase iii 

requirement over the :^?-year period? , 

Which fuel type la projected to have, the lowest rate of increase in 
requirement In the 52~year period? 

Give probable causes for your answers in 1 and 2, 

List 2 environmental hazards associated with the consumption or 
production of each Of the given fuel types. Do you think theae' 
environmental hazards could influerfce the projections given for 
eaoh fuel type in 1990? 



INSTRUCTIONS 



Restart the audio cassette tape . Listen to- the ta^e and view 
-the slides and review your answers to the first two questions above. Then 
STOP -THE TAPE MD SLIDES and record your score on your STUDENT RESPONSE SHEET 

^0. Restart the audio cassette tape . Listen to the tape, view the 
slide, and listen t^fe the description of the graph entitled "Fuel Source ' 
- Distribution for Electrical Power (1965)." Then STOP THE TAPE AND SLIDES 
and answer the questions under Frame 10 on your STUDEIJT RESPONSE SHEET. 

21. Restart the aghlo cassette tape and compare your ansyers 
to the above questions with those on the slide. Mark you?* score on the 
STUpENT RESPONSE SHEET. 



(.Frame 10~] — ^ 

1. What fuel is used in your city to generate electrijj^ty? 

2. Predict what you believe will ije the approximate contribution by 
fuel type to the total U.S. electric power generation in I98O. 



Fuel type 


Percent; Contrijjution 


Trend 


A. 






B. 


c 




C. 






D. 




t 


E. 




* - 



20 



INwTHUCTlON:-'. 



Restart the audio cgsytte tape . Li/stet^ to the tape and vitfv ^ 
th<' slides until told to stop the tape. Then STOP THE TAPE AND'SLIDES. 
Complete the «raph uiider Frame 11 ort your STUDENT RESPONSE SHEET usin^ the. 
data given below for^fuel source distribution for electrical power ' projected ■ 
for 1980. . . 

f Frwae 1 Fl , , 




FUEL SOURCE 


' — > — 
PERCENT 


DISTRIBUTION 


Nuclear Power 


32% 


Gas 

— - ■ , - ^ 


15% 


Oil V ^ 


V — 


3% 


Hydro 


. . 13* ■ 


Coal 




31% 



J' 

FUEL SOURCE DISTRIBUTION FOR ^LECTRICAL POWER (198O) 

-7, ■ ... . 

INSTRUCTIONS : 



Restart the audio cassette tape . Listen to the tape and view the 
slides. Compare your graph with the one on the- slide and record your. score on^ 
your STUDENT RESPONSE SHEilT. Then STOP THE TAPE AND SLIDES 
,. • f- 

- Restart the audio c assette tape . Listen to the tape and view the 

slides until the end of the lesson. 
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'ANSWERS TO QUESTipNS IN STUlJY GUIDE 

OBJECTIVES OF THIS bKSSON : 

The object l\re& of this lesson are listed below. Aa you proceed 
through the program, place a checkmrk in the column(s) which indicates in 
what part of. the lesson each objective wasV diacMssed. ^USE STUDENT RESPONSE 
SilEETS ) 

>• • ■ - 

Upon completion o|^l the exercises associated with this lesson 
you should be able to: ' ' » • 



Part 1 


Part H 


Objectives . 




X 


1. state length of time undiscovered gas and 
oil will last" in the United States 


7- 


... 


.. ■ ' " ■ V " 

2. state the lead time in discovering oil 


\ 

X 


t 

I 


3. state 2 difficulties involved in importing 
hydro ceurl^ons . 


N 

V 


X 


^« Biaoe H nxetnoQS 01 mining coal 




X ■■ 


5. explain the fluctuation in the utilization 
of (ioal from 1900 to I98O 




X 


6. state the years in which hydrocarbons and 
"^ coal are expected to reach peak production 
Mn the Uniied States 




X 


\* luenuxiy iuej.s wnicn csin oe used in a 
nuclear electric Installation . 


X 


. — ■ i — 


8. describe the process involved in converting 
* Uranium-238 into Plutonium-235 


X 




. 9- define lead time as used in this lessQA t 




X 


^10. state tength of time known recovercible ^ 
^ reserves of gas and oil in the United States 
will last 


.c 

— : — . — » >^ ■ 




11. state^A reasons for the current and expected 
continuance of the energy crisis in the 
United states 


X 




12. evaluate rami^icationa of a decreaa^ in 
• available energy in the United States in 
terms of the grosa national product, 
unemployment, tad pec capita iilcome 




X 


13. identify tj^tnda in energy conauaiptlon ^ 
by fuertype Aurinl^' the next 10 years 



A- 



/ 



I FRAME |l i Answers 



T 



J, 



17/ 



Trends to about I96O; 



\ 



i. 
2. 
3. 



3, 



increased consumer demamd 

increased production technology * * 

increased geologic information about oil formations 
and locations 

high profits for many industries (production, refining, 
transporting, etc* ) 
governmental regulation 



Trends after I96O — decrease in rate of production due to: 



1. 

2. 
3. 
k. 
5. 



cost increasing faster than profit 
desirable and profitable well sites diminishing 
output from individuea wells diminishing 
technology unable to keep pace with demand 
govermftenteO. regulation 



I FRAME 2 I Answer^ 



Answers to the questions below can be determined by a study of the graph 

or the slide projected on your viewing screen. The same graph is reproduced 

belbw. 



V 




ffOO 



100 > lO'*' 



• »ltO>iO'*tt* 



•♦40 



mo 



J. i. 



-J 

tO<0 



Complete cycle of natural gai^ production in^^ the Unitfd States 
and adjacent contii^ental shelves » exclusive of Alaska, 
(from Hubb\ft, 1969> 19p) 



ER?C 



23 
/ 
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The projection for the production oT natural gas between 196^ and 
•1980 is how many cubic feet?" , 

- o - ■ - , 

283 X Ipl^ Si^ , To obtain -this answer, read data directly 
from-icour graph. On the horizontal axis (abscissa), locate - 
the" time period between I960 and I980. the proJe9ted 
production for natui-al gas is adready calculated- for you 
between these years and ij3 identified by the numeric value * 
given in this column prepared with repeating diagonal lines. 
This value represents the total amount of projected pfoduc- • 
tion of natural gas (in cubic feet) during the period between 
1966 and 1980. 

What is our total capacity for the production of natural gas during 
the 160 years plotted op the graph? , 

1290 X 10^^ ft3 . Add the production values of the 3 primary 
areas under the curve fo"r>. the total capacity of production of 
natural gas during the 160- year period plotted on the graph 
(i.e., 318 X 1012 ft3 + 283 X 10I2 ft3 + 6Q9,x 1012 ft3 . ?) 

What is our percent per year production of natured gas in terms of our 
total potential production? 

6. 3^^ per, year . Read the numeric value directly from \he 
graph. The slope of the curve in 1966 is used to determine 
the percent p^ year production value and is given on the « 
graph as a dotted line extending above the curve to the top 
of the graph. ' 

How many cubic feet of natural gas is estimated to be produced between 
the years 198O and 2000? . . ' 

hlO X 10^^ tt^ . In the upper right-hand corner of , the graph is 
a reference square -labeled 200 x lOl^ ft 3 to' help you determine 
absolute quantities" iri texm's of area under the curve. Using 
this square-. you can approximate the absolute value Qf projected 
production during the yeetrs between 198O and 2000 much like you 
would have done in answer #1 above. . 

• - '■ -• 

During this ^160 year period :the slope of the bell curve becomes zero 
in what year? , ' * 

, : • " 

1980 . The apex (highest point) of the curve is -shown in the 
year 1980 . . ' 



G^aph for Ultimate U.S. Coal Production 
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1800 



2000 2200 
ULTIMATE U*S. C&AL 



2400 



PRODUCTION 



2600 



2800 



YiiAR 


BILLIONS OF SHORT TONS PER YEAR 


1800 


.02 


1900 


.30- 


2000 


I.UO 


S.210Q 


2.20 


^0 


2.30 


230?K 


2.00 


- 2U0(f " 


\ 1.10. 


25QC> 


A .^0 


2^op 


.25 


2700 


.05 


■ ?S60 , 


.02 



j FRAME 3 I Answers ^ * 

• Who are the primary; consumers of coal," both past ahd present? 

' PRESENT 



PAST • ".1 



1. rallrbada ' 

2. residential consumers 

3., industry (power generation) 



1. municipal power 
generating plants 

2< industrial power 
generating plants 

3. heavy industry 

(used in making steel) 



2$ 



i.'. Name 2 factors which might have ofcused peaks and dip* during the 
years 190O and 19T0 on the graph aa shown on the slide. 

a, depreQston of 'the 1930's - 

b. envlro^nmental cond'ernB ^ 

I ■ . • 

• .' 

3. Name four pollutanta emitted Ih the >urning of coal. ' ^ ' . 

SO2— sulfur dioxide Cd — • cadmium j 

Hg ^ mercury . — i©Rd ' ' '* V 



FRAME n Answers 

The following graph is taken from: Singleton, Arthur L. Sources of 
Nuclear Energy . Atomic Energy Commission, I968, p. ' ' 



ANNUAL ENERGY REQUIREMENTS 
FOR ELECTRIC GENERATION 



3000 



2000 



1000 




19S0 



1980 



1, In 1980 nuclear fuels will pontriiute l^yxT bllllb^ kilow.att hours 
(KWH) towaird the total generat ion^£x^ectricity . 

To oljtain this figure-j^locate the year 198O on the horizontai^ 
axla. Nov^looate the nuclear contribution Tor this year and 
determine the approximate araovint bf. KWH's produced in this 
year fromphe index given on th* vertical axis (ordinate) on 
the left dlde of the graph. Remember the abscissa la given 
ih incremeiAa of 1000 KWH intfirvals. 
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In 1980 coal will contribute (a) gOO billion KWH toward the^total 
generatlorv of elefctrlclty or (b) 3^ percent of the 5 major "contributors. 

To obtain these figures, determine the absolute requirement 
of coal in 1980' by first following the steps given in answef 
#1 . Next , determine the tota l requirement for all contributora- 
in 1^80 by adding the individual fuel contributors ojr reading the 
cumulative annual require|aents directly from the graph (i.e., in 
1963 the cumulative, annual requirement was lOOO billion KWH). 
Using the* following formula, determine the percent requirement 
of coal to J;he totegL requirement : 



coal requirement (1980) x 100 
total annual requirement I980 



^% requirement 



Referring to the graph of "Ultimate U.S. Co^ Production," you might 
conclude that 900 bdllion KWH is equivalent to 1 billion short tons 
of coal (assuming %L1 coelL' production is used in the generation of 
electricity) . > * 

900 billion KWH is the projected requirement of coal in I98O 
{reading from the graph of "Annual Energy Requirements for 
Electric G.ehei-ation" ) . Determine from- the gi-aph of "Ultimate 
U. S. Coal Production" how much coal will' be produced irii I98O. 
Assuming all coal production it used in the generation of 
electricity, these two- values should be equivalent. 

coal requirement for ^ Unj.ted States coal 

electric generation (198O) * production (I980) 



In 1980, which of the* 5 sourcls wilj contribute " leaa.t to electric 
generation? 

Oil . ' According to the. graph of "Annual Energy Requirements 
for Electric Generation (195O-1980) ," oil will contribute 
least to alectric genei:ation. How do you thihk oil will be 
used in 1980? 



27 



f FRAME g I Anawera 

The following data Are taken from a bulletlr> published by The Council on 
PJnvi ronmental Quality, 19T0, p. 8l. 



J 

PrDl«cf«d Eltetrie QtntraUon 

by Soiirct iMS-aooo 




To complete the table bolov, find the ye«u* in question on the horizontal 
axis of your graph. Locate the energy source in question and determine 
its maximum and minimum values in trillion KWH for the y*ar in question. 
The absolutje difference batween these two values determines the equivalent 
./ * energy generation for a particular source. 

. . ERJC ■ 28 ' . . 



SOURCE 

Nuclear-fueled steam 
Coal -fueled steam 
Oil-fueled steam 
Gas- fueled steam 

Otirier 

Pumped-storagc hydro 
Conventional hydro 



TRILLION KILQVfATT HOURS 
1965 1980 2000 



.2 

.2 

.1, 
.1 

.05 
.2 



.7 
.8 
.4 
.2 
.1 

.05 
.3 



4.5 



I FRAME 6 I Answers 




1920 1905 1955 1970 1990 

TOTAL US. CNIIIQY CONSUMPniON, PCRCCNT iY TYK OF niEL. 



TYPE OF FUEL 


YEARS 

1920 1935 1955 1970 1990 


Nuclear 








1%' 


25% 


Gas 


5% 


10% 


25% 


35% 


20% 


Oil 


15% 


35% 


45% 


45% 


35% 


Coal 


75% 


50% 


25% 


14% 


15% 


Hydro 


5% 


5% 


5% 


5% 


5% 



99 
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1. Coal oontrl^mted 'j^ to the totad U.S. energy consumption in 1920. 

;'. In 1920 hydro, contributed ^ to the totad U.S. energy Consumption. 
In 1990 It la projected that hydro will contribute ^ to our total 
energy consumption. . ^ 

* 

t. In 1970 oil contributed to the total* U.S. energy consumption. 

You can read these answera directly from the gfaph (-width of the band in %) 
or the table. 

i FRAME 71 Answers 

The following graph is cop^.ed from the orie shown on the slides you have 
.viewed. It was used as a basis fbr answers to the .questions that follow. 



Thousands of tons U-aOa 
?00 i: V ^ 



Uqo 



300- 



200 



100 



PRODUCTION CAPABILITY 

Annual ^ 



Cumulative 





Requlrsnsnts 





1970 



1980 



1985 



Ysars 



UHrna> statxs uranum BxquiBBoarrs aud ntomictiOH capability 



1. What is the projected cumulative production capability of uranium • 
in 1980? 



230 Thousands of Tons of U^^g -^.y^ 
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In the 1985 the annual j^roduct ion requirement., will be lOOf greater 
^han the annvial production capability. . 

To determine this anaver: 



armual production annual prodiiction 

requirement capability 

annual production \ ^ " % Increase 

capability * * 

33^ X 100 »« ^900% Increase , % 

During the period between 1970 and I985 our cumulative production 
capability will l^ve increased (a) 2900^ . In this same period our 
fumulative production requirement will httve increased (b) lkQ3% , « 

a. c^Imulativt production cumulatiye production 

capability (l985) capability (1970 ) 

■ ' cumulative production" ^ 100 " % Increaa 

capability (l970) 

360 - 12 

12 X 100 « 2900?f Increase 

b. cumulative production cumulative production \ 

requirement (1985) requirement (197!)) - 

cumulative production ^ ^ ' ^ Increase 

requirement (I970) 

U^^ ~ 6 

I X 100 - -jkQSi Increase 



0 



Note: How ^o answers (a) and (b) compare? What is the 
significance of the differences? 



How do yoi^ think projected requirements are determined? 

Government aund private studies based on trends in consumption 
of electrical power greatly influence projections for the' 
requirement of nuclear fuels. Ren^ember, all*of this energy 
resource is latimately converted to ^-electricity. There is an 
expected high correlation between power consumption and 
economic indices, such as gross national product, unemployment, 
consumer activity, and evan population. The lack of other 
'available fuels at competitive prices. has perhaps the greatest 
influence on projections for the use of nuclear fuels. 
1 # 



31 



26 



5. How vould the introduction of % breediir reaotor in 1970 have affected 
those projectiont for production capability?, , . 

At' current prices there are only about 550 plant years of known 
recoverable Uranium 238 in exiatftnco in the U.S. This means that 
- if only one nucleitr plant were built, we could expect it to have 
sufficient fissionable fuel for^only 550 years. If two plants 
were built, this time factpr wotild be cut in half, or 225 years,. 
In the graph below projection? for the cumulative number of nuclear 
power plar\t8 in the U.S. in I98O are given. If 100 plants do 
exist in I989, each plant would have less than 5 years of productive 
^ life — assuming equal fuel consumption at each plant site. 




ItSO i960 1970 1990 1990 2000 



PROJECTED INCREASE IN NUCLEAR 
POWER PLANTS ki UNITED STATES 



Compare the graph above with the graph of "United Statea Uranium 
R«qulr«m«nt» and Produetion Capability*" 
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MICL NIQUIPrCD 
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• Boo 



3 

o. 

•a 600 



v 



I 



— I — 1 

J I Nuclear 

[ j Coal 



Uooh- 

O 

c> 
o 



8 200 

O . 



□ 



Oil 



1968 


198( 


) 


1990 

• 


TYPE OF FUEL ^ 


TONS 
1968 ^ 


OF COAL PER YEAR 
' 1980 1990 


Oil 


» 


90 , 


IT? 


Gas 


120 


150 


180 


Nuclear 


20 


260 


600 , 


Coal 


. 300 


k30 


630 
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I FRAME 9 I Anowers . . " 

* 

1. ' Vftiich fuel type Is projected to have the highest rate of increase in 

requirement over the 22-year period? 

^cJ^g^r . Examination of each bar should reveal which fuel 
type la projected to have the highest rate of fncrease in 
requirement./ The ratd of increase may be determined b/ 
calculating Ibhe percent growth of requirement over the 
22-year perifcd. 

Example: , ^ 

* coal (1990) - c6al (1968) 

coal (1968) . X 100 « J5 Increase 

2. Which fuel type is projected to have the lowest rate of increase in 
^ requirement in the 22~year period? 

Ga£. Use the above procedure to identify the fuel type 

projected t© have the lowest increase in requirement. '< \f 

3. Giva probable causes for your answers in 1 and 2 above. 

Indications are that nuclear fuels will become inexpensive 
to produce suid consume and mriy ^fclt Imat ely prove harmless 
to the enyiTonment . Gas will have the lowest rate of 
increase because we have already recovered nearly all that 
Is economically feasible to, do so. Without changes in 
technology and price structure? , little more gas can be 
expected to be recovered reln,tive to our ndeds because we are 
already producing natural ga§vat a maximum rate. 

A ■ ■ 

U. -List 2 environmentea' hazards associated with the consumption or production 
of each of the given fuel types. Do you think thpse environmental hazards 
could influence the .projections given for each fuel type in 1990? 

Huclear ; thermal pollution, disposal of radioactive 

wastes, radiation emission 1 
Gas.: SOo discharge, LNG transportation ( 
Oil : oil spills, SO2 discharge 
Coal : strip mining, SOo discharge 

The protection of the environment will probably plague the 
^ energy industry for a long time to come. Should the j^roduction 

or consumption of any . fuel prove too dangerous to pub:tic health 
and welfare, it would be reflected in scaled dovn projections 
for its use. Of courrfe, the opposite holds true as well: Unless 
- - . satisfactory substitutes are developed, future projections will also 

reflect scaled dowrv values for our standard of living. 



ERIC 
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I FRAME 10 I Answers ^ . 

1. Vftittt .fuel Is used In your city to generate' 'electricity? 

. Austin, Texas i Nat^ural gaa with oil used as a 
reserve fuel iA an emergency-. 

.. . N 

» ■.■ 

2. Predict what you believe wiXl .be the approximate contribution by 
fu>5l type to the .total U.S. electric power "generation in I980. 







Fuel type 


Percent Contribution 


Trend 






A. 


Nuclear 






Increase 






'b. 


Coal 


31% 




Decrease 


4 




C. 


Natural Gas 


■' 15% 


v. 


Decrease 






D. 


Oil 


< 3% 




Decrease 




B. 


Hydro 


13% 




Decrease 




.30 



I ^RAME 11 An 8 vers 




FUEL SOURCE 


. PE;R«T mTRIBUTION. 


Nuclear Power 




Gas 




* 

Oil " 




, Hydro 


13?^ 


■ Coal 


31% 



{ 

To prepare this pie-graph above, locate the center of the circle with a 
ruler placed on the dieuneter of the circle. ^ Draw a radius. Place a 
proXractor on the radius with the-"0" on the' center and the straight 
edge] of the radius. For 31% coal, compute 31% of 360''.'« 133°> Make 
a n^w radius at this point. ^ Move the protractoV to thip radius emd compute 

gas, 15% of 360^ » 51*°. " Repeat this procedure to calculate oil, 
3% «■ 11*^, hydro, 13% f i»7° ^^fand nuclear, 32% «• 115°. 

\ 
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Blank 

Slide 
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j tlons , 
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(title) [" 



if 

National Week in 
Review (photo of 
grpup seated 
around a coffee 
table) 



Good Evening. This is National Week in keyiew. 
Tonight . • . "A.. Cr'l-sis in Energy.^ y 



/ 



A CrisiB in 
Energy (group 
photo) 



Our guests this evening Include Dr. Wilson Lafrd, 
Director of the American Petroleum Institute, Washington,' 
D.C., Dr. Samuel Ellison, Pix>fessor of Geological Sciences 
and Dean' of the College of Natural Sciences at The University 
o;f. Texas „at Austin, and Dr. Herbert Woodson, Chairman, 
Department of Electrical Engineering, also, from The Univctrsity 
of Texas at Austin. Your moderatoi*, Mr. Stan Prescott. 



3« 



Dr, Wilson Laird 



(Laird) "I think that we should clarify the eltuatlon • 
a little bit to say approximately • how much of thV energy 
is made up by oil and gas." 



V 



;Dr. Wilson Laird 



"Approximately 75 percent of all of the* energy that we 
use in the United States is generated by oil and gas. 
A relatively small amount, about k percent, by <irater, 
an infinitesimal amount at this moment (percentages-wise) 
from the nuclear, and the remainder being coal." 



Dr. Wilson Lalrc 



1 



"Now we are -using at the present time in the United 
. •'States about 15 million barrels of oil a day, whiCsh is 
roughly five millio* barrels a de^imore than we are able 
to produce." 



1 



Graph of U.S. 
petroleum self- 
sufficiency ... 



"We have to import the remal»der from' other covmtries. 
We are- in^ a situation where the gas has to be rationed 
in approximately twenty different states, and over 
sixty coramuwities. We haw a situation where coal', of 
which we have abundant supplies in the United States, 
has to Tae rationed in as far as use is concerned, ■ 
relative to 'the sulfur content." 



ERIC 
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•Mr.. Preacott 
' and 
"Dr. Lnlrd 



(Preecott) -"Dr. Lialrd, ve read in the newspaper 
^„ avery. day abt)ut i^at^ioning and our dwindling reserves 
t and what -not, but why are we faced with a shortage?" 



Di:. Laird 



I 



T 



(Ld)ird) "We are faced with a shortage simply because 
we have not gone out and ,actually looked for it in 
the last fifteen years'^ in t»he same way that we used to 
because of governmental policies, because of economics. 
And secondly, there has been a tremendous increase in 
demand over the last fifteen years, more so than average." 



1 



Map titled 
"Internationeil 
Flow of Petro- 



(Prescott) "Hasn't Industryiaeen able to keep up 
. '.with this . demand 1?" . 

■r ' . 

(Laird) "The industry is able to keep up with this 
demand primarily by the importation of cheaper foreign 
^oil, and to a considerable eJctent, gas." 

(Prescott) "I aee." . \ 



•£2- 



Photo of entire 
#eroup. 



V ; 

(t'rescott) "Dr. Woodson, can you tell me aiid tell otir 
. audience Why. we are facied with a shortage of fuels? This 
is a fundamental question people are asking these days." 



'Ir 



Dr. Herbert H. 
Woodson 



(Woodson) "T think one of the things that's aggravated 
our problems with oil and natural gas has been the problem 
with burning coal in power plants. There's Ijeen so much 
piressure to cut down. th% emissions from power plants that 
there's been a tremendous iVicreased demand for petroleum, 
for oil and gas, to burn" in power plants where we burned coal 
before. And I think this has aggravated the shortage of oil 
and gas." 



L 

I Mr. Prescott 

J 6Uld 

' Dr. Laird 



I 



(Lai^d) "Ye«, because the amount of power that was 
produced by coal now has to be taken up by. oil 
simply because the gas is not available to do it," 
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Mr. Prescott 

and 
Dr. Laird 



(Prescott) "Dr. Laird, you're from the American Petroleum 

Institute. In your opinion, do 3?ou think it's a good 

Idea to be burning petroleum In order to generate electricity?" 
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Dr. Laird 



(Laird) "I have no inhibitions about burning residual 
fuel oil to produce electricity. I do have some 
reservations about bumixig gas under boilers because 
of the fact that gas has other higher uses , for example , 
domestic home heating and for chemictd uses." 
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Mr. E^reBCott 

and 
Dr. Laird 



(Lalr4)^"B,ut lt'9 «^aln a problem of economics. And 
one of the reasons ve're in this situation right now, 
to amplify the former remarks, is that the government, 
because of the Importuning primarily of people of 
environmental persuasion, have kept down the amount 
of leasing that is being donb. For example, in the 
Gulf of Mexico, where we do know reserves of a 
considerable magnitude lie." 
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•Dr. Samuel P. 
< Ellison 
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(Ellison) "The environmentalists in their effort to 
keep a clean environment have really prevented the 
United States from gaining the use of energy that might 
be available off our Atlantic euid coastal areas, and 
denial of the right to th<* Alaska pipeline to be inilt 
is denying the use of the North Slope oil reserves 
right now." 



Graph titled 
'Energy Consurap 
tioji Per Capita 
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(Ellison) "I think m<»e importantly, the United States 
uses about 25 percent of the world's production of oil 
and gas each day, and yet ve have only about 6 percent 
of the reserves of these things; therefore, our future 
is, -^y 1985 we will be depending upon 50 to 60 percent 
of our oil and gas needs on foreign oil supplies." 
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(Prescott) "Dr* Ellison, assuming then that we are 
running lov on domestic oil, I guess the alternative 
is to import oil and import other fuel needs; hovever, 
4o you see this as a viable alternative to the growing^ 
rate of consumption?" 
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Dr. Elllpon 



1. 



(Ellison) "Nty reaction in in this world we're going to 
need all the sourcet of energy in 'the future, and certainly 
importation* as long as that is the economically proper 
thing to do, iA -one way of doing it. However, if we try 
to import all of our fuel needs, that means then that our 
balance of payments are disapJxtArJng very, very quickly 
and w<s're spending all of our money .and giving it to some 
foreign country for this fuel." 
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j and 
for. Laird 
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(Ellisdn) "There are other alternatives eventually as the 
economics are adjusted. We do have tar sands in North 
America, and we have oil shales in North America; tout these 
will be a long time in developing because of the many comjplex 
technical things that allow them to be developed. There 
is also the possibility of nuclear fuels, and if we go to 
the nuclear fuels, it's my belief that nuclear energy will 
be the major source for electricea energy in the future, 
and that the portable fluid fuels such as oil and gas will 
have to be reserved and rationed for portable transportation, 
such as airplanes, automobiles, and boats." 
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(Woodson) "If I could Just amplify what Dr. Ellison 
said a moment ago with some quantitative things," * ^ 
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Chart titled 
"U.S. Energy 
Biaance" 
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(Woodaorf) ." .. if we refer to the chart on the U.S. 
energy balance up here, you notice that the projection 
by 1985 has us Importing about 15 million barrels of oil 
a day. " 
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(WoodBon) "Kov In terms of today's dollars, I believe 
that's equivalent to an outflow of money of an amount 
of 25 billion dollars a year in imbalance x>T payments,'" 



(Woodson) ".. and I think it simply is a matter of fact 
that this country cannot afford that kind of luxury, 
to export 25 billion dollars a year." 



(Woojison) "Now it is also an interesting piece of 
infoj^ation that In order to build plants to either 
get crude oil from the oil shale in Colorado, or to 
built a plant to get this saune petroleum liquid frcm 
coal vDuld require a capital expenditure of 75 billion 
dollars, and that's only three ytears vorth of cash outflow 
from the Imports." " 



(Woodson) "SeVenty-five billion dollars is an awful 
lot of capital, but it still seems snftdl compared to 
25 billion dollars a year In imbalance of payments 
caused by the importing of oil. But If we're going to 
Elpend the 75 billion dollars to develop this alternative 
source of petroleuto liquids, we have to start now; we 
can't wait until 1982 or '83," 
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Dr. Lftlrd 

Dr. EUlaon 



(Ulrd) "I would like to make a comment on^this. .1 
don't regard the oil shale or the gae from coal or 
anything else, vlth the possible exception of nuclear 
in the power generation field, as being alternatives." 
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(Laird) "I regard them as supplements, assuming for 
example that the rate of energy demand will increase 
along the lines it has in the last five or ten years. 
That's point one I'd like to make." 
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Dr. Vfoodson 
and 

Stan Prescott 



(Laird) "Point, two is, I feel myself that we have within 
the United States and its continental shelf .... I think 
that we have large reserves of oil and gas as yet 
undiscovered which we can get now if we were allowed 
to get at it." 



Dr. Laird 
and 

Stan Prescott 
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(Prescott) "It's my understanding that the lead time in 
developing an oil well is five years." 

(L*lrd) . "The ayerigt Im five years. I would^-say-ihat 

any tims, anything from ths time that this is ,an inception 

of an idea in some geologist 's mind until tl»e well is 

producing oil into ths plpeOJlne, can vary anywhere from I , 

three to ten years leAd tijjs^ needed. The same thing is 

true Of building ref inei^ oi- nuclear plimts or anything 

else, «t)d unless we st^iVnow to do some of these things, 

this gap In ti«e Is going to go through time. You can't 

compress it. In other words. So time lost now is time lost forever." 

49 
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Vfhol* group 



(Pr««cott) "I h»v« « question for Dr. Woodson which 
dealt vlth nuclear fuels. I would be intereited In 
hewing him take this concept of lead time and apply 
it to the nuclear industry." 
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; Dr. Woodson 
^ and 

j Stan Prescott 



(Woodson) "I think at the moment* it ie fairly veil 
proven that, electric energy generated from nuclear 
fuels and ih light-vater fission plants and gas-cooled 
reactors costs about the same amount as it does to 
generate the same energy vlth fossil fuels/' 
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Dr» Woodson 



t ■ 

(Woodson) "As the cost of fossil fuels go up the ' 
nuclear generated electric energy looks better and 
better, and I think this is especially true in the 
fact of envircfnmental problems, that as the environmental 
problems get more and more severe, nucleatr energy begins 
to look better auad better." 
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Dr. Woodson 
and 

Stan Wescott 



(Prescott ) "But aren*t environmental problems plaguing 
the nuclear Industry these days?" 

♦ 

(Woodson) "They are, but I have a feeling that this is some- 
what temporary and the subject of some misunderstanding^" 



10 



Diagram of hov 
energy la produ- 
ced In n nuol€*ar 
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(Woodfton) «tnd I think these mi8under8taridlng5 will 

be reoolved and we will have a continued > eOmoflit explosive > 

growth in the use of nuclear energy to generate electricity." 
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(Prescott) "Dr. Ellison, are there any cleaner fuels than 
those fuels we've been mentioning, that is, the petroleum 
fuels, fossil fuels?" 

(Ellison) "There are other, fuels, but they are not 
econoralc«LLly acceptable Just yet. One is solar energy, 
but there are no solar enirgy plants that can compete 
vlth the price of either nuclear or fossil fuels. And 
I think it's also possible to harness tides and a few 
other things, but these will be minor things unjtil they 
become, as Dr. Laird said, supplemental to the total 
energy needs," 
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Dr. Laird 

and 
Dr. Ellison 



(Ellison) ".. and my feelings are that we're going to 
need all the energy if we want to keep ouk* stahdard 
of living high and give the rest of the world a chance 
at a high standard of living." 

(Prescott) "Dr. Laird, can you tell us, in terms of 
our gross national product, unemployment, and per capita 
income, what are some of the specific ramifications of 
a decrease in available energy in the United States 
as it could affect the average consumer?" 
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Dr. Laird 
and 

Stan Prescott 
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(Laird) "There's no guestion about the fact that 
energy is the glue that keeps the whole econcanic 
system going and without cner^ ve don't have anjjT 
products produced, and it's also true that there is a 
direct correlation betveen the gross national product of 
any. nation and the ^waount of energy consumed." 
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J Dr. Laird 

» and 

j Dr. Ellison 



(Laird) use in the United States about six or seven 

times per capita as much energy as any other nation in the 
world. So aa a result, we also have the highest standard of 
living. Now, if we restrict the use of energy or if energy 
is not available for any use, obviously, of course, we're 
goin^i to cut down our economy; we're going to cut down our 
gross national product, and this will hit the people at the 
lower end of the economic scale harder than anybody else. 
And so it's for this reason that the development of additional 
energy resources and the development of our indigenous re-, 
sources that we know or think are there. It is important that 
it be done right now." 



(Prescott) "What is the role of the environmentalist in this?" 

(Laird) "I personally feel that the environmentalist has 
served a very good purpose in the whole thinking of the " 
United States from the sense that they have called our 
attention to some things that should have been done long 
ago. But I feel many of them have may well have gone 
too far and I think that now we've got to compromise to do 
these things with a minimum damage to the environment, but 
they forget that man is a part of the environment." 
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(Woodson speak- 
ing) 



I , 



< 



(Woodson) "Back in the thirties, the name of the game was 
to exploit the resources, to raise our standard of living 
and to raise ovir gross national product, no matter what," 



and 

Stan Preecott 




(.Woodson) ".. and we have now reached a level of affluence 
and a, level of exploitation that we have decided. as a society 
ve don't want to do that anymore, and we're right now doing 
acme soul^earching to decide exactly vhert we do want to get 
In th e ^ — . . - . - w 



o p a otyum of abaelut e ly no lAdua lry all the wa y to total 
exploitation of all the resources ^ and I think the environ- 
mentalista are Just one component of thia society that's trying 
to decide exactly where It wants to go^next. The only frustra- 
tion r feel Is that in all of this you can't- have Instant 
gratification and too nany environmentklists are asking for 
instant gratification. There »s a lead ttlae tb do it."> 

49 
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(Ellison) "T also think that it's only In these last few 
years that people have realized that certain things like 
fossil fuels are finite, and once we discover all of them 
and use them, they'r.e gone forever. Of coursk, we still 
think there are many more to be discovered world-wide, but 
the United States has been explored to a greater extent than 
any other area in the world because of the private ownership 
of mineral' rights." 



Dr, Ellison 



(Ellison) "And to expect to find huge discoveries in the 
future within 'the land boundaries of the United States 
that would bjp/^mpeu-able to the needs is a pretty slim 
thing right now. I'm a little pessimistic on tTiat point 
now, but when we go off-shore, we do very well." 

( Woodson) "Or if we us^^ the coal." ' 

(Ellison) "Yes." 
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(Laird) "Or if we went and did better with more exploration 
of Alaska, particularly on' the North Slope." 
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In the next few minutea you will be askfed to interpret d«Aa 
presented in variety of graphs. W^<».>11 take a look at a number 
of them, and then jrpu will be aakdd to make a few of your own. 
It's important tTTat you woi*k at your own pace, so take as much 
time as you need. ' , 

Your forthcoming 'grapha will be followed by a series of short 
questions which you can find in your Study Guide. In' checking 
your aniBvers against those we will provide you, remember to " 
^ erase or cross oA>any mistakes ydli might have made and recor^ 
thev correct anft>jj|^ Becai^se you cAn'fnly beq^fit from being 
honest in this program, you i*5/H finljfeh each exercise by tabu- 
lating your score in the lowj^J^ right-'hand cornei^^dt* each page. 
Remember, you're working agalhst no one but'yo^self* 

Try to keep general tx^gnde iti mind "'as you participate Ln this 
final segment of your lesson. Remember, an inquiry j/ito current 
energy conptnnption" trends by fuel type- could be a keynote of your, 
personal review. ' 




Le^s-^ok at this graph labeled "COMPLETE CYCLE OF PRODUCTION OF 
PETROLEViM liquids in the united states and adjacent CONTINENTAL" 
SHtLVESl EXCLUSIVE OF ALASKA." Notice that a production rate 
of V^ne/billion barrels of oil per year is plotted against lees 
thanB centuries of time. 

The sjriape of this curve approjtimates what is commonly called a 
bell-shaped curve or simply a bell curve. You can see that this 
curve actually has peaks and dips, such as those leading up to 
and during the depression and during the 1960's. 

In this graph, you are given whole production values during 
particular time periods. For example, 90 billion barrels of ' 
petroleum have been px^duceci to the present. Thirty-nine billion 
barrels more are expectied to be produced by 198O. After that, 
71 billion barrels ar^/all that remain to be produced within the 
United States and its Continental shelves. 

We will go to another Araph in Just a moment, but first notice that 
80 percent <ii^our total available petroleum win have been pro- 
duced in a period of 6k y^ars. Our total potential production 
of 200 billion barrels is currently being realized at a rate of 
5.13 percent per year. 

Can yo^ 'think of any factors which might have had an influence 
on this curve — for. instance, a rise in demand reflected by an 
incrfeaaing population? What alJout technology? Or government 
policies? Or even your own geological* input? If you wish, take 
a few moments to name a few trends which you think might 
influence our rat e of petroleum production. Remember, our curve 
approximates a bell curve. Space is provided for you on the 
top of page 5 in your Study Guide to record th<^se trends. Stop 
the tape now. When you are ready, we'll try another. 
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• I Graph of 
>M^tur«I g«a pro- 
* 'Wictlon in U.S. 
and adjacent 
continental 
shelves 



Frame 2 
Answers 



This graph is very similar to the one you had previously. The 
tlUe' of t'Hla graph" reads "COMPLETE CYCLE OP* NATURAL OAS PRODUC- 
TION IN TftE U.S. AND ADJACENT CONTINENTAL SHELVES." This time a 
prodaction- rate of 1 trillion cubic feet per year is plotted 
•gainst a l60 year period. As in the earlier grai>H. the box in 
the upper right-hand corner gives you a reference to use in 
detei«minlng area under the curve. 

Turn to page 5 in your Study Guide. You'll see a few questions 
concerning .this graph near the bottxan of the page. These 
questions simply ask you to read data from this graph. You will v 
soon be asked to construct your own curve, so read these questions 
carefully. Take as much time as you need e^d wheh you are ready, 
restart the tape. Stop the tape now. 



Here are t*he answers to the questions you found near the 
bottom of page 5 in your Study Guide. Give yourself one point 
for each correct answer and place your total in the bottom right- 
hand corner on that page. We'll be back in 5 seconds. 
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Grid of ulti-^ 
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^tudy Guide you will find a grid 
\AL PRODUC<riON*^ and a list of data. 



On the next page of yo\ 
entitled "ULTIMATE U.S. 

We want you to take as muc\time as you need to plot your own 
curve from the data provided\ A (^uick survey of thtdata 
will tell you to expect something resembling a bell curve. 
Stop the tape now, Whan you are ready, w^ w:^ll show you the 
curve ve ihade ffom this same data. 



Curve of ulti7 
mate coal 

production 



ERIC 



If you had any trouble plotting your curve » siiop the tape and 
examine this graph carefully. You'll notice thkt, we included 
a peak an^ a dip in our graph between the years 1900 and 2000. 
Thint «gain what factora might have influenced this curve during, 
jthellast 70 years. Try to name the pri ncipal oonqum»rB 
coal r- both past and present. , Is there a relation between 
this curve and environmental impact;? There ate a few quest ionr 
at the bott^ of the page for you to answer. Stop the tape now 
Restart when you Tu** ready to eonJUnue. 
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Framd 3 
Answers 



J' 
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Here are the anawdrs to the questions you found at the 
bottom of pa^e 6 in your Study Ouide. Give yourself one 
point for each correct answer and place your total in the 
bottom right-hand corner on that page. We'll be back 
in 5 seconds. 




Or*ph : 
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Here,' a another type of graph for you to consider. Yqu can 
see that trends are easily defined with this type of band 
graph, although jrou must do some subtraction to determine 
any value for a given year. The title of this graph Is 
"PERCENTAGE OF TOTAL U.S. PRODUCTION OF BITUMINOUS COAL AND 
LIGNITE BY I^E OF MINING _ _ , 



These curves encompass a 27-year period between l^kO and 
1967. You can see that conventional mining with hand loaders 
has beeX declining \riiile continuous mining arid strip and 
auger mining are increasing stfcadily. You can determine the 
percent contribution of these two t/pes of coal to the total 
U.S. production in each given year/by subtracting the minimum 
percent from its maximum. Fqr example i in I95I4 contrinuous 
mining contributed 6 percent to the production while! conventional 
mining mechanical -loaders contributed 56 percent, conventional 
mining hand-loading, 12 percent, and strip and auger mining, 
26 percent. If you had to plot this graph*, you would 
probably st«rt by plotting first continuous mining, then 
conventional mining mechanicea-loading, followed by hand- 
loading, and then strip and aviger miri^ilg^ 
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This next graph rfeads, "ANNUAL ENERGY REQUIREMENT 'f6R ELECTRIC 
GENERATION." Billions of kilowatts ore plotted against a 
^O-year period. Notice that there are five contributors to 
Electric generation: nuclear fuels, water, oil, gas, and coal. 

At the top of page 8 in your Study Guide you will find a short 
list of questions to answer concerning this graph and the one you 
plotted on the previous page. We want you to work carefully, 
so take as much tim* as you need. Stop the tape now. Only whisn 
you are ready to continue should you resteu?t the tape. 
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* Frame k 
Answer^ . 



Here are the answers to your previous questions. Again 
give yourself .one point for each correct aniwer spd place this 
total at the bottom of the page. We'll pause 5 seconds for 
ypu to do this: 
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. ."^hi* graph is similar to th« pra^Vious on« with the addition 
%^of a f«v nev contributors. Along the abscissa you will find 

If I**^^^^ of time equal to 35 years. Thi^ time your ordinate 
, i.s given In trillion kilowatt hours. The title of this graph 

tt;;i»ads "PROJECTED ELECTRIC GENERATION *Sy gOURCE 1965-2000." 

In your Study Guid^^ the bottom of page 8 you will find 
a list of data which defines this graph. You will notice that 
Dy the ytar 2000 conventional hydro, pumped storage hydro, 
fi^as fueled steam, and others will be only minor contributors 
to our total electric generation. Blanks have been left in' 
this list of data for yQ}f^ to fill in from information you 
recieive from this graph. ... 

This exercise is to help you understand proje^btions for the 
generation of electricity by certain types of energy sources. 
^This will be useful in understanding how each energy source 
contributed to oiAf total energy production in related graphs 
to follow. Stop the tape now and^omplete this short exercise. 
Restart when, you are ready. 



Here are the answers to the questions y<?u found in your Study - 
Guide. Give yourself a slight margin of error and on^ point 
for each correct answer. Place your total at the bottom of the 
page.. Take a moment now amd in the future to correct any 
wrong answers if you have not done so already,. You will find 
correct answers are a useful study aid. We'll be back in 
5 seconds to ask you to msQce another graph off your own. 

./ , . " , 



Pleaae-^urn now to page 9 in Wour Study Guide. There you will 

see a grid labeled "TOTAL U.s\ENERaY CONSUMPTION — PERCENT 

BY FUEL TYPE," identical to this slide. Your abscissa^ spans 

a period of TO years and your ordinate gives you a orange from 

0 to 100 percent. Below, this grid is a list, of data from which • 

you will plot a graph. 

Notioe-Jhat you are given five contributors to our total energy 
consumption. Look in the first column labeled the year 1920> 
As you read down this column, choose one of those fuel types 
which least con-tributed to our 'energy consumption. We recommend 
that you first plot the, hydroelectric contribution for the' 
entire period ^letween 1920 and 199P and then continue to coal,/ 
oil, gas, and nuclear hiels, platting tljeir prospective 
contribute. Finally, draw a line b»tw.een 'each of the JJoints' 
you have plotted. v ' ' - • 

■ . ■ • " • . - / 
Because you have more thTwi onto odntrtbutor to. the total ! 
e nef g y oo ns U mptio n . ym i m i g ht' ^ V pt^nt tn n yr W^ ^ at. b^nd gr^p h-. •' 
igiVt it a . try and, of course, take as long aJKyqu need. Ke.. 
will show you one poielble graph which can be mlide' •Jfoto-jthtse - 
data when you are ready, j . . 
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If you had any trouble pXoitlni); those cuTATfti stop the tape 
and^ examine your data and t hit graph cax^efullyv For convenience, 
ve plotted oUr data beginning with the hydx^electric contribution 
and' finishing with the nuclear contribution. Of course, you 
may have plotted your graphic in a different order, but be sure 
your trends look similar t6 those shown in this graph. 

Using this graph ^or your o.wn, answer those few questions at 
the bottom of the page-. If-j^u used dotted- lines oh your 
graph in the period after 1970, giv^ yourself a bonus point 
for remembering that the period between 1970 and 1990 is only 
a projection. These questions will be important in under- 
standing the relationship IJetween percentage contribution to 
total energy consumption by; fuel type and the absolute amount 
consumed of each. < We will ^try to draw additional conclusions 
in the f6w remaining graphs ahead. Stop the tape now and 
toswer your questions. When you are ready, restart the tape. 
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Answers 
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Here ar6' the ^swers you should have. Give yourself one point 
for each correct • respdndte and tot^L your score at the bottom 
of the i^age. Remember to include your bonus point if you 
earned it. When yOu have finished this, ve will take a short 
'break' before looking at thfe final graphs. Take 5 sedonds 
npw to tabulate your score. 
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^Thi's first type is called a bar graph, ..or histogram.'. We will 
. finis'h by looking* at a pie graph. Notice that this graph is 
'entitled "UllITED STATES URANIUM •REQUIREMENTS AND PRODUCTION 
CAPABIIilT-Y." ' ' ; . ' 

, You catf see that <^yery fifth year between 1970 and 1985 is 
represented again^ thousands of tons of U^Og. The annual 
and eionulatiye proW:tion capability is plotted at each given - 
year and each corresponding requirement is shown with a heavy^ 
line.' z 

You should* Vem|fciber that the cumulative production capability 
is the sum of a 5~year growth. Thus, you can assume the^ 
cumulative production quantities shown will be approximately 
equal to^ times the annual production capabilities given 
5 years *b<i^ore . Also notice tha^t both the annual and cumulative 
require;nenlJs can be determined in thousands of tons qf U3O8. 

♦ • ■ , 

On pw« ll 'in your Study Guidj yqu will find a series of 
questions related, to this histogp^.am. . You will be asked to 
draw 'data frdm this graph as well as consider how these 
projections* are made. Stop' the tape now. When you are ready 
to oontlrt\|ie, restart the tape. ' 
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Aniir«rs 



^Th* antvtrt to your first four qutitlons are given here. 
If you misted more than two questions, turnjto page 20 in 
your Study Guide and reviev that material. 01^ yourself 
one point for e«ch correct answer and plsoe your total at 
the bottom of the page. We'll pause 5 secon<Is for you to 
this. 



do 
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Reference line: 
"Fuel Required" 



V 



On page 13 in your Study Ouide, you will find a reference 
line labeled "FUEL REQUIRED." This line encloses a space 
in which you will draw a histogram with the data provided 
below. In preparing this graph, be oure to label all 
necessary components. Remember, you may taike as long as 
you need. Stop the tape now and restart when you aire ready. 
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Bar 
ffraph : Fu^l 
Reqjiired 



As you can see, we prepared our graph with four different colors, 
each representing a major contributor to our total> en^srgy re<j.uirement 
From the data provided in your Study Ouide, we have plotted each 
source as equivalent tons of coal against 3 separate points in 
time. You will notice that the trends in this graph encompass a 
period of only 22 years. Turn now to page ik in your Study Ouide 
if you are not already there. At the top of the pa«e in Frame. 9. 
you will find a series of questions which you are asked to answer 
very carefully related to the graph you have Just made on the 
previous page. By now you should be able to reewl data from a 
graph with some skill. This exercise will help you understand 
significant trends which can be interpreted from this histogram 
and others like it . Stop the tape now and take as long as you 
need. We'll have th*' answers for you when you return. 
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Frame 9- 
- Ansirers 



The answers to your first two questions are given here. Again, 
give yourself on^ point for each correct answer and total your 
score below. Stop the tape now. Restart when you have finished 
evaluating your work. 



S6 



19 



^9. 



I Pl« Graph 
Fuel aouro« 
distribution for 
electrical power 
(1965) 



This ia the last type of graph we will Goniider Hl^ your 
lesson. It's called a pie graph and la labeled "FUEL 
SOURCE DII3TRIBUTI0N FOR ELECTRICAL POWER (1965)." ^oua- fuel 
types are shown, each repreienting it's percentage contribution 
to the total fuel source distribution for electrical power. 

In a moment we will ask you to make a pie graph of your own with 
data provided in your Study Guide, but first consider which 
fuel source is used to generate your local supply of electricity. 
Turn to page ik in your Study Guide and answer the (luestions 
found in Frame 10 related to your own projections for the contribu- 
tion by fuel type of each of these sources in 198O. Stop the 
tape now^ We will be back with your last graph exercise when 
you are ready. 



Frame 10 
Answers 



The answers to your previous questions are shown in this slide, 
af you included a projection for nuclear contribution,^ give 
yourself a bonus point. The band graph you plotted on page 9 
could have helped you determine which fuel will contribute 
to our total electric power production. If- your answers reflected 
the trend as shown, give yourself one additional poiqt for each 
correct answer. Total your score at tite bottom of the page. 
We Ml be back Iq 5 seconds. . 
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'Pie Graph ' 

Fuel source 
distribution for 
electrical po^^er 
(circle is giver 
JiCj prepare the 
I graph) 



On page 15 in your Stude Guide we have given you a circle in 
which to prepare your own pie graph. You will notice that the 
data given is the fuel source distribution for electrical . 
power projected for I98O. As a final exercise, prepare' a pie 
graph with these data. Be sure to label all elements and 
include a title. We'll show a ,graph we made from these data 
when you are finished. Stop, the tape now. Restart when you 
have finished your work. 



We hope your graph looks something like this. ^ Check to. be' sure 
you have labeled all of your fuel sources as well as their percent 
contribution. ^ 



Fuel source 
distribution for 
electrical power 
(completed 



ERIC 



By now your Stwdy Guide should be faiWy- complete. It should serve 
you well in reviewing this lesson. Remember what you have learned 
in Parts I ^d II and try to dr&w conclusions in trends in our 
cou{itry'8 energy production and consumption. As an environmentalist 
you should kndw the consequences of the us^-of each fuel type on our 
environment. In your opinion, what is our ep^^pgy situation? Are 
we faced with an energy crisis and if so", why? - ' 

TWce a moment now io tabulate your score for Paa:t II. If you have 
accumulated k2 points or more, give yourself an excellent rating. 
If you have accum\ilated 32 points or lesft, ve suggest you try this" 
lesson igain or refer to your Biblloijraphif for 'additional reading." 
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The End of This 
Lesson 



We hope you have found this lesayi helpful in understanding 
our current energy problems. Look carefully through your 
Study Guide if you have particular questions. Your Proctor 
will give you a review examination w^ich you may take with 
you and answer at your leisure. Stop the tape now». This 
completes your lesson. 



5« 



LESSON 6.6: FUTURE PROhlCTIONS 



STUDENT RESPONSK SHEETS 
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LESSON 6.6: FUTURE PROJECTIONS 
^ STUDENT RESPONSE S1H5ET 

OBJECTIVES OF THIS LESSON: 

The obJ«ctiv«» of thii letion are listed below. Aa you proceed 
through the progrem, place a checkmark in the columnd) which Indlcatea in 
what part, of the leeeon each objective waa diicuaeed. Make your checkmarks 
ori your STUDENT RESPONSE SHEET. 



Upon completion of all the exercises associated with this lesson, 
y-ou should be able to: 



Part I 


Part II 


Ol)Jectives 






1. state length of time undiscovered gas and 
oil will last in the United States 




* 


2. . state the lead time In discovering oil 






3. state 2 difficiilties involved in importing 
hydrocarbons 






state k methods of mining coal 






5. explain the fluctuation in the utilization 
of coal from 19OO to 1980 






> 

6* state the years in which hydroccurbons and 
coal t^re expected to reach peak production 
in the United States 




« 


* - "-" ' ' 1 ' ■ ( — 

7* identify 2 'fuels which can be used in a 
nuclear electric installation 




/ 


^ 8. desijribe the process involved in converting 
Uranium--238 into Plutonium-235 






9. 'define lead time as used in this lesson 




f 


. 10. state length of time known recoverable 

reserves of gas and oil in the United States 
will last 






11. state U reasons for the current and 'expected 
continuance of the energy crisis in the 
United States 






12.. evaluate ramlficAtlonsjgjrji decrease in 
available energy in theOni'ted States in 
terms of the gross national product, 
unemployment, and Dsr capita income 




9 • 
4. 


13. Identify trend* in energy consumption 
b^.fuel type during the ne?ct 10 years 



KlUM - 

LESSON 6.6 J FWUR^PROJ»C(riON8 
BTipEHT RESPONSE SIOCIT 

1 Frw 1 I List trends thut you think might hftv« influenced the rise in the 
rate of petroleum jjroductlon. in the United States. ' 



I Frame 2 | Ansver the follovlng: ' * ' 

1. The projection for the production of naturaj. gas between I966 and 
1980 is now many cubic feet? 



* 

2. What i-B our total capacity for the pix>duction of ne^tural gas during the 
160 years -plotted on thb graph? 



3. What it percent per yew production of natural gas in terms of 
our total potential production? 



y — — — — 
LESSON 6.6: FUTURE PROJECTIOHS 

8TUPBMT RBISP0M8K SltitBT 



I Fran* 2 1 continued 



\ 



How many cubic feet of natural gas vill be produped between the years 

1980 and 2000? 



5. During this I60 year period, the all 
in what year? ^ * " 



of the bell curve becomes zero 



FRAME 2 SCORE 



Complete the graph below using data from the table below. 



I 





lOOxiO^ 
short tons 




































curtHil 
procM 








































805x100 
tnon tont 

1 ^ 













1800 



WO 2200 2400 2600 

. ULTIMATI at. COAL PKODUCTION 





PILLIONS OF SHORT TONS PER YEA?t 


1800 


. .02 / 


1900 ; 


^ .30 


2000 


x.to . 


2100 


2,20 


^2200 


2,30' ^ 




2.00 


2*0 


1.10 








■ , ^ . ..25- . 


27QQ 


1 ,,t95 




_ . . .,62 



/ 



2800 



LESSON 6.6: FUTURE PROJECTIONS ^ 
STUDENT RESPONSE SHEET 

I Frame 3 | Answer the following: 

.... — ^ 
1. Who are the'primkry consumers of coal, both past and present t 



2. Name 2 factors which might have caused peaks and dfpB during the 
years 19OO and 1970 on the graph above. ^ . 



3. Name U polILutants emitted in the burning of coal. 



FRAME 3 SCORE 



I Frame W 



1. In 1908 nuclear - fuels Vill contribute billion kilowatt hours 
(KWH) toward the total generation of electricity. 

2. In 1980 coal will contribute (a) billion KWH toward the total 

generation of electricity or (b) percent of the 5 major' contributors. 

3. Referring to the graph of "Ultimate U,S, Coal Pr/duction.," you miglif " 
conclude that 900 billion KWH is Equivalent to short tons of 

coal (assuming all coal production is us^rdirK^he generation -of electricity). 

U. In 1980 which of the 5 sources will contributeAeast to electric generation? 

, y^ ^- ■ 



FRAME h SCORE 



USS80N 6.6: FVTUKE PR0JBCTI0N8 
STUDKirr RESPONSE SHEET 



I Using th« chart on th« alide or in your Study Guide, fill ' in the 

^ blanket in the table below: ^ . 



TRILLION KILOWATT HOURS 
1965 1960 loOO 



Nucle&r~fueled eteeun 
Coal-fueled steam 
Oil-fueled steam 
Gat-fueled steam 
Other 

Pumped-atorage hydro 
Conventional hydro 



.2 

.1* 

.2 

.1 

.1 

.05 

.2 



.7 * 

.8 

.05 



.1 



FRAME 5 SCORE 



' 1 Frame 6 | Complete the graph belov U8i^g data from the table on the following 
page. 



r 



- fWcent 
100 

9Q 
80 
70 
60 

40 

30 
20 
10 
0 



' ' r I* I 1 1 — T ( V' 1 — T 



NUCLEAR 



GAS 



at 



COL 




J— — I ' ' 1 




HiOffO 



± 



1920 1935 1955 ^ 1970 1990 

TOi^L at. CNuroY coMuiiinrioN, nncwfn ly tyk or r^t. 



1 

Date 




LESSON 6.6: FUTURE PROJTBCTIONS 

t 

STUDENT RESPONSE StfBST 



r»me 6 J Continued 





1920 


1935 


1955 


197p, 


1990 


Nucltar 








1% 


' 25% 


Gas 


5% 


10% 


25% 


35% 


20% 


Oil 


15% 


35% 


45% 


45% 


- 35% 


Coal 




50% 


25% 


14% 


15% 


• 


5% 


5% 


5% 


5% 


* 5% 



1. Coal cont.ribu^d::v^^ % to the tot^ U.S. energy consumption in 1920.'^ 

2. In 1920 hydro Tcontributfed f, to the total U.S. energy consumption. 

Ip 1990 it is projectei that hydro will contribute • % to our total, 
energy consumption. 

* 

3. In 1970 oil contributed . Jto the total U.S. energy consumption'. 

FRAME 6 ■ SCORE ^ ' i ' 



1 Frame 7 | Using vJ data on the 8ll«8 W^n your Study Guide,, "United- States 
Uranium Requirements ajic^roduction Capability." answer the (;^uestion8 below. 

. 1. What is the projected cumulative production capability of uranium in 1980?* 



greater than 



^. In 1965 the annual production requirement will be 
the annual production capability. 7" 

3*' During the period betveen- 1970 and I985 our cumulative produ<ition capability 
will, have increased ^, In this same period. dur fcumilative require- 
ment win have increased ^ %. 

U. How do you think projected requirements are determined? ^ 

5. How would the introduction of a breeder reaotof In 1970 have affected ' 
thesis projectiona for production capability? 



es 



FRAMP 7 SCORE 



» . LESSON 6.6: FUTURK PROJECTIONS 

STUDENT RESPONSE SHEET 

I ■ — ■ ' . ' • ■ ... ■. ... 

/(Tr^eT] ysing data from the table below draw and label a bar graph in 
the space below,. . 

ruiL mouiiiiD 




- / 



H ERIC" 



f TYPE OF FUEL • 


TOi^S'OF GOAL PER- VEAHV 
'1968- 1980 IQQWr 


Oil 








Gas 




...... , m :\ 


io6' 


^Nucieai^ 




■ 260 




1: Coa.l' 


.-^ 300 







/fRA*« 8 SCORE. 



» ■ V' 



. r. * ."• 
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LESSON ^6.6: nmjRE PROJECTIONS 
STUDENT RESPONSE SHEET 



1 FVme 9 I Antver the following: 

1. Which fu«l type la projected to h»ve the highest rate of Increase in 
requirement over the 22-year period? 



■V2. Which fuel type la projected to have the lowest rate of increaao in 
requirement in the 22-year peiNWd? % 



3. pive probable causes for your answers in 1 and 2, 



V List 2 envir^ental hazards associated with the consumption or 
production of each of the given fuel types. Do y6u think these 
environmental hazards, could infl.uence thfc projections given f6r 
each fuel type in 1990? 



LESSON 6.6: mOBE PROJCBC^TlONS 
- STUDENIP BESPCiNSE SHEKt s 



i yram» XOl Anever the following: «• ■ . 

< >» 

t 

1. What fuel la used in your city to generate electric!^? 



2. Predict what you believe will be the approximate conjtri'butio((> byf ^ 
fuel type to the total U.S. electric power generatiori in iSj/oO. 



Fuel type 


T 

Percent Contribution 


.. ..I.. , 

Ti'end 








B. 




A 

• 

f 


c. . 








> 


• 


/ 







>tlAME 10 SCORE 



4 N«M • 
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, LESSON 6.6: FUTURE PROJECTIONS 

STUDENT RESPONSE SHEET ^ 

/. • 

I FTiW iTI Make a pie grliph In the circle be^lov using data ^rom th^ table 






^^inJEL SOURCE . 


PERCENT DISTRIBUTION 




"HucJlear Power 






Gas 




4 


, Oil . 




0 


ftydro 


13;^ 




Coal 


31% ' 



FUEL SOURCE DISTRIBUTION FOR ELECTRICAL POWER (198O) 

; « 



TOTAL SCORE, FOR ALL FRAMES 



